[HRH% - DT (L TAARYE]

UFoR] (1) ~ (4) T&2 L.
2B, BFERIT . 25Mn, 26Fe, 27Co, 2sNi, 25Cu TH 5.

4\

(1) {K%ﬁﬁﬁﬁw\ﬁ JﬁvxéJA?_omﬁ% SAMTIRIT VT, (), ()i

- BEEET T A IENSH (ICP-AES)
CEE X RO XRF)

(a) JHEREZZN-FH 100 i%&ﬁi'@%ﬁ%f@;.
(b) ENENOFEEFOERZEET L.

(2) Cr,Mn,Fe IZ351) 5D AR =1 (CO)l FEHRIZ DWW, M), (&% X
(©) Cr9 Mn®, FeOn CO $&RIZAT 18 BEF R, FhENOATFR L2,
(@ @IZRIT 5 COEEDIEBEE, B1OFILRD > TEhFIRE.

i

. Niconco
oc””
co

B 1. Ni(CO)s fEED S itk

(3) Fe & Co DNEKEEMRKIZOWT, UTOME)~MIZEZ L.

(&) 5 EICHHETOBBERD 3dPE (dy, dyz, doe, deye, d2) 12, TENTHEL OFEER
BCLY, eHEL L BEDOZOIHET S, L&, Fe¥l COHOEmY 5 5
dEFEEZETHRE L. 12k, d% %ﬁk&: EL, EEFDAL OMEE LR

B, HTEBIT Az L. ,

() KsFeFs, Ks[Fe(CN)s], Ks[Co(CN)s] D = ow%ﬁ{d:i'ﬁ'@wqfﬁ&%pﬁmt el % B
ERA AV HI Y BT T — A MY A1 0.0 us, B:2.3 us, C:59 us TH
ol BB, plER—THTTHS. FOMEKERA, B, C IS 3 M FEER
&, FET, HETLRELE 150 FRRE TR L.

(2) [Fe(NCS)H:0)s1* % 2 Lo¥RIRIC NaF MisR&EMA 72 & 25, NCS & F R CTEML

 FITRBEI ok, I ORI TRBR G ETT B % Hard and Soft Acids and
Bases (HSAB) Bz b &-35U\T 50 ERECHEY L.



() @B BREFRRRERETF 5 &, BHEOERDIFED D EEEE~ L 7

{MJ_:@é@%k@ﬁmaﬁmzo@%@%%mriw?ﬂ@ﬁ%%ﬁ;.
[5&4a]] :
-+ LMCT &% ({_Tc [LMCT) X Ligand-to- Metal Charge Transfer Df&)
- d-d B

- BREREE

(4) Cu“@@ﬂ*{zls BRICOV T T ORI, &2 k.
(). [Culen)]** (en: ethane-1,2-diamine) iE[Cu(NH3)]** & JR{EL bf‘:$ﬁl2§lﬁﬁf@@ﬂ{_ﬁ%

@

BERD. ZOZO0EET BT L, [Cu(en)p " DEFBRVEERETT.
DEEEDEBENEE L DDROEHERE. iz, [Culen,*DHNEE r fci 75) =
HEBZHNRERDPD 50 FRECTHREAYT L.

NEFEEAOEREEEET 5 Cu OB T v kDS T, BPE TR

B35 Fe¥, Co¥’, NP LB LT, MHMOBEVREMEEZ LD LBE. %
OEB%E, C'ONAERMOEFEREIZD L30T 100 FRETRE. 2B,

CHEZAWTEHB LTS LW, RICERT AL EHRICIIED VSO L3 5.



[Tnorganic and Analytical Chemistry: Standard]

Answer the following problems (1) ’lchrough (4).

The atomic numbers are .Cr, 2sMn, 2Fe, 27C0, 2Ni, and 2»Cu.

(1) Answer the problems (a) and (b) regarding the fcllowing two methods for chemical composition analysis.

* Inductively coupled plasma atomic emission spectroscoi:oy (ICP-AES)
+ X-ray fluorescence spectroscopy (XRF)

(a) Expleﬁn the measurement principles in approximately 50 words each.
(b) List the unique advantage of each.

) Answer the problems (c) and (d) regarding neutral Cr, Mn, aﬁd Fe carbonyl (CO) complexes,
(c) AllCO complexes of Cr'®, Mn® and Fe(® satisfy the 18-electron rule. Show each molecular formula.

(d) lilustrate the three-dimensional structures of each CO complex in (c), following the example in
Figure 1.
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Figure 1. Three-dimensional structure of the Ni(CO)s complex.

(3) Answer the proble1ﬁs (e) through (h) regarding the octahedral complexes of Fe and Co.

(¢) Under the crystal field of a regular octahedral coordination, the 5-fold degeneracy of transition metal
3d orbitals (dy, dye, das, de_yz, dz2) is lified, splitting into two sets: e, orbitals and tag Orbitals. IHustrate
all possible d-electron conﬁguraticns for Fe** and Cc3+, paying attention to the number of d-electrons
and distinguishing the spin direction of each electron 'with arrows (1, ). _

(f) When investigating the magnetic pfoperties of KsFeFs, Ks3[Fe(CN)s], and K3[Co{CN)s], the
paramagnetic moments per transition metal ion were found to be A: 0.0 4B, B: 23 up, and C: 5.9
Mp, where up is the Bohr magnetor. Identlfy which ccmplexes correspond to A, B, and C
Furthermore, explain the reason behind your determination in approxmately 75 words.

(g) When NaF powder was added to a solution containing [Fe(NCS)(Ho0)s]**, ligand exchange occurred
between NCS™ and F~. Based on the hard and soft acids and bases (HSAB) theory, explam in

approximately 30 words why this exchange reaction between NCS™ and F~ preferably proceeds



(h) Afterthe ligand exchange reaction described in (g) was completed, the color of the solution changed
from blood-red to nearly colorless. Explain the reason for this color change using the following three
terms in approximately 75 words. '

[Terms]
* LMCT transition (Here, “LMCT” stands for Ligand-to-Metal Charge Transfer.)
+ d—d transition |

. EIectroﬂ;gativity -

(4) Answer the problems (i) and (j) regarding the Cu?* complexes and crystals.

(i) - [Cu(en)z)*"(en: ethané-1,2-diamine) exhibits a planar square coordination structure smnlar to
[Cu(NH3)s)?*. Comparing, the two complexes, {Cu(en)]** is more stable. Answer the name of the
effect that causes this stability difference. Furthermore, explain why [Cu(en)]*" is more stable
thermodynamically in approximately 30 words.

(j) Compared to Fe?*, Co¥, and Ni*, which are adjacent in the periodic table, Cu?* oxides or fluorides
with an octahedral ¢oordination geometry often exhibit lower symmetry crystal structures. Exﬁlain
{lie reason based on the electron configuration of Cu®* octahedral coordination in approximately 50
words. You may use figures for explanation and words used in the figures are not counted towards

the word limit.



